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ABSTRACT 



Purpose: This study was performed to evaluate the reproducibility of panoramic radiographs of dentulous and 
edentulous patients. 

Materials and Methods: The reproducibility of panoramic radiographs was evaluated using the panoramic 
radiographs acquired from 30 anterior dentulous patients by using a common biting positioning device (dentulous 
group) and 30 anterior edentulous patients by using chin-support devices to take a panoramic radiograph (edentu- 
lous group), respectively; these patients had undergone 3 or more panoramic radiographs. The widths and angles 
between the designated landmarks were measured on the panoramic radiographs, and the reproducibility was eval- 
uated using the intraclass correlation coefficient (ICC) and the coefficient of variation. 

Results: In the dentulous and edentulous groups, the ICCs of the mandibular ramus and mandibular angle areas 
were higher than the condylar head and zygomatic areas. The mandibular ramus and angle areas showed statisti- 
cally lower mean coefficients of variation than the condylar head and zygomatic areas in the dentulous group. The 
mandibular angle area showed a significantly lower mean coefficient of variation than the zygomatic area in the eden- 
tulous group. By comparing the two groups, each ICC of the edentulous group was lower than that of the dentulous 
group, and the mean coefficients of variation of the mandibular ramus area, zygomatic area, left condylar inclina- 
tion, and ramus ratio between the right and the left in the edentulous group were significantly higher than those in 
the dentulous group. 

Conclusion: Biting positioning for dentulous patients provided better positioning reproducibility than chin-support 
positioning when performing panoramic radiography for edentulous patients. (Imaging Sci Dent 2014; 44: 95-102) 
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Introduction 

Panoramic radiography has been widely used in a variety 
of cases including the screening of roots of teeth, cysts, 
foreign bodies, and neoplasms. 1 " 3 It is also helpful to find 
bone resorption and osteopenia of the jaws. 4 " 6 Further- 
more, it is indispensible in installing implants. 7 The use of 
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panoramic radiography has been increasing in Korea, but 
a methodical monitoring system for quality control of the 
radiographs has not been established as yet. 8 While ob- 
taining the panoramic radiograph, the object should be 
positioned in the focal trough without any movement. In 
addition, the narrow image layer in the anterior area can 
induce errors on the resulting image. 9 ' 10 Therefore, accu- 
rate and stable patient positioning is essential for favor- 
able image quality. 

Along with image quality, the reproducibility control of a 
panoramic radiograph is important. Acceptable repro- 
ducibility of the radiograph provides adequate evaluation 
of a disease and post-operative follow-ups. Without pro- 
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per reproducibility, there would be lack of information and 
precision, and the accuracy of the panoramic radiograph 
could not be guaranteed. 

Anterior edentulous patients have conventionally taken 
panoramic radiographs by using a chin-support device. 
The panoramic radiographs of the anterior edentulous pati- 
ents might show worse reproducibility and image quality 
than those of the dentulous patients using a conventional 
standard bite block since the chin- support device might 
provide less stability in positioning patients. To evaluate 
the panoramic radiographs of the anterior edentulous pati- 
ents and compare them with the panoramic radiographs 
of dentulous patients, reproducibility can be assessed with 
measurements on the radiographs. 

The distortion and the measurement stability on panora- 
mic radiographs were evaluated by Tjonje et al 11 Further, 
the vertical measurement might be used for clinical pur- 
poses, 12 and the angular measurements on panoramic ra- 
diographs were satisfactorily accurate for most clinical pur- 
poses. 13 Catic et al also proposed that a linear measure- 
ment on the panoramic radiographs was possible. 14 There- 
fore, linear and angular measurements can be performed 
on the panoramic radiographs, and these measurements 
can be used for the reproducibility evaluation. 

The reproducibility of panoramic radiographs can be 
evaluated more conveniently and accurately by measur- 
ing horizontal linear dimension changes on the reproduced 
panoramic radiographs. In a study by Larheim et al, the 
vertical length variation in the repeated measurement rang- 
ed from 2.4% to 3.1% on the panoramic radiographs, 15 and 
the measurement of the vertical length was more reliable 
than that of the horizontal length. 16 In addition, the mag- 
nification factors of the vertical directions were less varied 
than those of the horizontal directions, 17 and the variabi- 
lity of the horizontal magnification factors was high. 16 ' 18 
These originated from the changes in the position 16 and a 
motion factor, 1619 ' 20 which was related to the horizontal ro- 
tational movement of a panoramic radiograph machine. In 
other words, when changing the antero-posterior position 
of the patients, the magnification or reduction in the size 
of the horizontal component would be more prominent 
than that of the vertical component on panoramic radio- 
graphs because of the motion factor of panoramic machin- 
es. 1619 ' 20 Thus, measuring horizontal length changes would 
be appropriate to evaluate the reproducibility of panora- 
mic radiographs. 

The aim of this study was determine whether bite posi- 
tioning or chin-support positioning is more effective for 
taking panoramic radiographs. To this end, the reprodu- 



cibility of panoramic radiographs using the conventional 
standard bite block and the chin-support device was eval- 
uated and compared. 

Materials and Methods 

In order to evaluate the reproducibility of panoramic 
radiographs, images of 30 anterior dentulous patients (den- 
tulous group) and 30 edentulous patients (edentulous group) 
were selected. All of them had 3 or more panoramic radio- 
graphs; the dentulous patients underwent the radiographs 
using a conventional standard bite block (Fig. 1A), and the 
edentulous patients by using a conventional chin-support 
device (Fig. IB) in Seoul National University Dental Hos- 
pital. Thereafter, 3 panoramic radiographs were collected 
from each of the selected 60 patients. In total, 180 pano- 
ramic radiographs were collected, and each group consist- 
ed of 90 panoramic radiographs. 

All the panoramic radiographs had been taken by well- 
trained radiographers using Orthopantomograph® OP 100 
(Imaging Instrumentarium, Tuusula, Finland), which en- 
compasses the overall dental arches and provides proper 
spatial resolution. 21 Therefore, all the observed areas of the 
collected panoramic radiographs were assumed to be in the 
focal trough. Approval for gathering panoramic radiographs 
was granted by the Institutional Review Board (IRB) of 
the Seoul National University Dental Hospital, Korea. 

In order to evaluate the reproducibility, landmarks were 
defined, and the widths and angles of the landmarks were 
measured on a separate occasion by one observer, who 
was an oral and maxillofacial radiologist, by using a func- 
tion of the PACS (PiViewStar, ver5.0.9.81, Infinitt Health- 
care, Seoul, Korea) software. The measurement was repeat- 




Fig. 1. A. The conventional standard bite block is used for ante- 
rior dentulous patients. B. The conventional chin support-device 
is used for anterior edentulous patients. 



— 96 — 



Jong-Woong Park et al 




Fig. 2. Reference points, lines, and 
angles of measurement variables are 
seen on a panoramic radiograph. 
IMW: Width between the farthest 
distal mandibular angle points, ICW: 
Width between the farthest distal 
condyle head points, IZW: Width 
between the bottom points of the in- 
nominate line, RRW: Shortest hori- 
zontal length of the right mandibular 
ramus, LRW: Shortest horizontal 
length of the left mandibular ramus, 
RCI: Angle between a parallel line 
with the distal right condyle neck and 
a vertical line, LCI: Angle between 
a linear line with the distal left con- 
dyle neck and a vertical line. 



Table 1 . Definitions for measuring and calculating parameters assessed in the panoramic radiograph 



Parameters 


Value description 


Explanation 


Intermandibular width (IMW) 


Width of intermandibular angle 


Width between the farthest distal mandibular angle points 


Intercondylar width (ICW) 


Width of intercondyle head 


Width between the farthest distal condyle head points 


Interzygomatic width (IZW) 


Width of interinnominate line 


Width between the bottom points of the innominate line 


Right ramus width (RRW) 


Width of right ramus 


Shortest horizontal length of the right mandibular ramus 


Left ramus width (LRW) 


Width of left ramus 


Shortest horizontal length of the left mandibular ramus 


Right condyle inclination (RCI) 


Inclination of right condyle 


Angle between a parallel line with the distal right condyle 






neck and a vertical line 


Left condyle inclination (LCI) 


Inclination of left condyle 


Angle between a parallel line with the distal left condyle 






neck and a vertical line 


Ramus ratio (RR) 


Ratio between RRW and LRW 


If RRW > LRW, RRW/LRW, 






Else if RRW < LRW, LRW/RRW 


Condyle ratio (CR) 


Ratio between RCI and LCI 


If RCI>LCI,RCI/LCI, 






Else if RCK LCI, LCI/RCI 




ed after 1 month. The widths and angles measured in this 
study are shown in Figure 2 and Table 1 . All the measured 
linear dimensions were horizontal lines. 

The widths and inclinations from the 180 radiographs 
were measured. Each patient had the 3 sets of measured 
values from his/her 3 radiographic images. The differences 
between the values for each patient were used to evaluate 
the reproducibility. The 3 datasets of the 30 patients in each 
group were used to calculate the intraclass correlation co- 
efficient (ICC) that measures reliability, and the 3 datasets 
of each patient were used to calculate the coefficient of 
variation (c v ) that can be used for estimating the precision. 

The coefficient of variation, which is a normalized mea- 
sure of dispersion of a probability distribution or frequency 
distribution, should be used for comparison between data- 
sets with different units or widely different means, and 
could be used to estimate the precision. The dispersion of 
the measured datasets examined by the coefficient of 
variation could be explained by random errors that were 



closely related to the precision. A lower coefficient of varia- 
tion indicates narrower dispersion and better precision, 
while higher ICC indicates better reliability. 

The mean of the coefficient of variation, which was cal- 
culated in a manner similar to the calculation of the inter- 
assay coefficient of variation and the intra-assay coeffi- 
cient of variation, was the average value of the coefficients 
of variation in each width and inclination of the 30 patients 
in each group. Also, a test of significance was performed 
with the coefficient of variation sets between the measured 
widths and between the groups. 

First, for an intra-group assessment, the ICCs were used 
to evaluate the reliability of each area of the panoramic ra- 
diograph image in each of the groups, and the mean coeffi- 
cients of variation were used to determine which area of the 
panoramic radiograph image had a narrower dispersion 
and better precision in each of the groups. Second, for the 
inter-group assessment, the ICCs and the mean coeffici- 
ents of variation were used to compare the reliability and 
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the precision between the groups. Reproducibility was eval- 
uated with the reliability and the precision. 

ICCs for measuring the reliability of panoramic radio- 
graphs and the intra-observer reliability were calculated 
with a two-way mixed model, absolute agreement type, cor- 
responding 95% confidence interval, and single measure 
values. 22 In accordance with Landis and Koch, 23 the follow- 
ing ICC interpretation scale was used: poor to fair (below 
0.4), moderate (0.41-0.60), substantial (0.61-0.80), and 
excellent(0.81-l). Also, the statistically significant differ- 
ences in the mean coefficients of variation of the measur- 
ed widths between the anatomic areas were measured 
using the Kruskal-Wallis test, and the post-hoc test for mul- 
tiple comparisons of the areas was performed using the 
Games-Howell test. Because of unequal variances between 
the compared areas, the Kruskal-Wallis test and the Games- 
Howell test were selected. A Student's f-test was carried 
out to determine whether there were statistically signifi- 
cant differences in the mean coefficients of variation of 
each anatomic area between two groups. A p value of 
<0.05 was considered to be statistically significant. All 
the statistical analyses were performed using SPSS (IBM 
SPSS Statistics, version 21, IBM, Armonk, NY, USA). 

Results 

In the dentulous group, the ramus showed the highest 
ICCs. Intermandibular width (IMW) (Table 1) showed the 
second highest values, followed by the Left condyle incli- 
nation (LCI) (Table 1). Among all the measured values, 
Right ramus width (RRW) (Table 1), Left ramus width 
(LRW) (Table 1), IMW, and LCI were in the range of the 
excellent score of ICC (> 0.8). The ICC of Interzygomatic 
width (IZW) (Table 1) was the lowest, while Intercon- 
dylar width (ICW) (Table 1) and then Right condyle incli- 
nation (RCI) (Table 1) were the next lower values. RCI, 
ICW, and IZW showed the ICCs in the substantial range 
(>0.6, < 0.8) (Fig. 3). 

With the data of the 30 dentulous patients, the mean co- 
efficients of variation were calculated for each item listed 
in Table 1 (Fig. 4). In the dentulous group, RRW and LRW 
showed the lowest and the second lowest mean coeffi- 
cients of variation, followed by IMW. In contrast, the 
mean coefficient of variation of IZW was the highest and 
that of ICW followed. None of the inclination measure- 
ments were analyzed for this intra-group comparison. The 
coefficient of variation sets of each horizontal width in the 
dentulous group showed statistically different variances 
from one another as determined by the Levene Statistic 
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Fig. 3. Intraclass correlation coefficients of widths and angles to 
show reliability on reproduced panoramic radiographs in the den- 
tulous group and the edentulous group (The higher, the better). 
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Fig. 4. Mean coefficient of variation of widths to show precision 
on reproduced panoramic radiographs in the dentulous and the 
edentulous groups. All the areas (Intermandibular width, Right ra- 
mus width, Left ramus width, Intercondylar width, and Interzy- 
gomatic width) of the dentulous group showed lower mean co- 
efficients of variation, which indicate higher precision, than those 
of the edentulous group (The lower, the better). 



(p =0.002). There was at least one statistically significant 
difference between the mean coefficients of variation of the 
horizontal widths in the dentulous group as determined by 
the Kruskal-Wallis test (p =0.000). A Games-Howell post- 
hoc test revealed that the mean coefficients of variation of 
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Table 2. Multiple comparisons of the mean coefficients of variation to compare the precision between anatomical areas in the dentulous 
group: Games-Howell test 







Mean 
difference 
(I-J) 


Standard 
error 


Significance 


95% confidence 
interval 
Lower Upper 
bound bound 


Intermandibular width 


Right ramus width 


0.00257 


0.00324 


0.931 


-0.0066 


0.0117 




Left ramus width 


A A A 1 A 1 

0.00193 


A AAOO C 

0.0028:) 


0.960 


-0.0061 


0.0100 




Intercondylar width 


A A 1 

—0.01 102* 


A A A ICC 

0.00355 


A AO A sk 

0.024* 


-0.0210 


-0.0010 




Interzygomatic width 


A A 1 C/in± 

— 0.01S49* 


A A A /I *7 O 

0.00478 


A A 1 O sk 

0.018* 


-0.0291 


-0.0019 


Right ramus width 


Intermandibular width 


-0.00257 


0.00324 


0.931 


-0.0117 


0.0066 




Left ramus width 


A AAA/C A 

—0.00064 


A AAOA 1 

0.00291 


0.999 


-0.0089 


0.0076 




Intercondylar width 


—0.01360* 


A AAO/'A 

0.00360 


A AAO !t 

0.003* 


-0.0237 


-0.0035 




Interzygomatic width 


A A1 OATsk 

—0.0180 7* 


A AA /I O 1 

0.0048 1 


A A A /I sk 

0.004* 


-0.0317 


-0.0044 


Left ramus width 


Intermandibular width 


-0.00193 


0.00285 


0.960 


-0.0100 


0.0061 




Right ramus width 


A AAA/C A 

0.00064 


A AAOA 1 

0.00291 


0.999 


-0.0076 


0.0089 




Intercondylar width 


a a i OA*;:*: 


A A A IOC 

0.00.32!) 


A AAO sk 

0.002* 


-0.0221 


-0.0038 




Interzygomatic width 


A A 1 *7 A 1 sk 

—0.01743* 


A AA /IC/; 

0.00456 


A A A A sk 

0.004* 


-0.0305 


-0.0044 


Intercondylar width 


Intermandibular width 


0.01102* 


0.00355 


0.024 


0.0010 


0.0210 




Right ramus width 


0.01360* 


0.00360 


0.003* 


0.0035 


0.0237 




Left ramus width 


0.01296* 


0.00325 


0.002* 


0.0038 


0.0221 




Interzygomatic width 


-0.00447 


0.00502 


0.899 


-0.0187 


0.0097 


Interzygomatic width 


Intermandibular width 


0.01549* 


0.00478 


0.018 


0.0019 


0.0291 




Right ramus width 


0.01807* 


0.00481 


0.004* 


0.0044 


0.0317 




Left ramus width 


0.01743* 


0.00456 


0.004* 


0.0044 


0.0305 




Intercondylar width 


0.00447 


0.00502 


0.899 


-0.0097 


0.0187 



*: The mean difference is significant at the 0.05 level. 



IMW, RRW, and LRW were statistically significantly lower 
than the mean coefficients of variation of ICW and IZW 
(Table 2) in the dentulous group. 

In the edentulous group, the ramus showed the highest 
ICCs. IMW showed the second highest value. Among all 
the measured values, RRW, LRW, and IMW were in the 
range of the excellent score of ICC (>0.8). The ICC of 
IZW was the lowest, while ICW then LCI and RCI had 
the next lower values. LCI, RCI, ICW, and IZW showed 
the ICCs in the substantial range (>0.6, <0.8) (Fig. 3). 

With the data of the 30 edentulous patients, the mean 
coefficients of variation were also calculated in the same 
way as for the dentulous group (Fig. 4). In the edentulous 
group, IMW showed the lowest mean coefficient of varia- 
tion followed by RRW and LRW. In contrast, the mean 
coefficient of variation of IZW was the highest and that 
of ICW followed. None of the inclination measurements 
were analyzed for this intra-group comparison, either. The 
coefficient of variation sets of each horizontal width in the 
edentulous group showed statistically different variances 
from one another as determined by the Levene Statistic 
(p =0.002). There was at least one statistically significant 
difference between the mean coefficients of variation of the 



horizontal widths in the edentulous group (Kruskal-Wallis 
test p=0.022). A Games-Howell post-hoc test revealed that 
the mean coefficient of variation of IMW was statistically 
significantly lower than the mean coefficient of variation 
of IZW (Table 3) in the edentulous group. 

In a comparison of the dentulous and edentulous groups, 
the edentulous group showed lower ICCs than the dentul- 
ous group in each item (Fig. 3). The mean coefficients of 
variation of each item in the edentulous group were higher 
than those of each item in the dentulous group (Figs. 4 and 
5). There were statistically significant differences in the 
mean coefficients of variation between the dentulous and 
the edentulous groups in the RRW, LRW, IZW, LCI, and 
Ramus Ratio (RR) (Table 1) (< 0.05) (Table 4). 

Discussion 

In the panoramic radiographs of the dentulous patients 
taken with the conventional standard bite block, the mandi- 
bular ramus showed the best reliability, followed by the 
mandibular angle area. On the other hand, the zygomatic 
arch area showed the worst reliability, and the condylar 
head area showed the second worst reliability. These re- 
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Table 3. Multiple comparisons of the mean coefficients of variation to compare the precision between anatomical areas in the edentulous 
group: Games-Howell test 







Mean 
difference 
(I-J) 


\tnnnnrn 
O L till CI til CI 

error 


Significance 


95% confidence 
interval 
Lower Upper 
bound bound 


Interrnandi Dinar width 


Ivight ramus width 


U.UUoOU 


U.UUjj" 


U.JU / 


-0.0238 


0.0066 




Left ramus width 


-0.01039 


0.00637 


0.485 


-0.0285 


0.0077 




Intercondylar width 


-0.01133 


0.00521 


0.206 


-0.0261 


0.0034 




Interzygomatic width 


-0.02455* 


0.00658 


0.005* 


-0.0433 


-0.0058 


Right ramus width 


Intermandibular width 


U.UUoOU 


U.UUJJ7 


U.JU / 


-0.0066 


0.0238 




Left ramus width 


-0.00179 


0.00718 


0.999 


-0.0220 


0.0185 




Intercondylar width 


-0.00273 


0.00618 


0.992 


-0.0201 


0.0147 




Interzygomatic width 


-0.01595 


0.00738 


0.210 


-0.0368 


0.0049 


Lett ramus width 


Intermandibular width 


n m rno 
yj.yj Lyjjy 


U.UUO.J / 


U.^toJ 


-0.0077 


0.0285 




Right ramus width 


0.00179 


0.00718 


0.999 


-0.0185 


0.0220 




Intercondylar width 


-0.00094 


0.00705 


1.000 


-0.0208 


0.0190 




Interzygomatic width 


-0.01416 


0.00812 


0.416 


-0.0370 


0.0087 


Intercondylar width 


Intermandibular width 


0.01 133 


0.00521 


0.206 


-0.0034 


0.0261 




Right ramus width 


0.00273 


0.00618 


0.992 


-0.0147 


0.0201 




Left ramus width 


0.00094 


0.00705 


1.000 


-0.0190 


0.0208 




Interzygomatic width 


-0.01322 


0.00725 


0.371 


-0.0337 


0.0073 


Interzygomatic width 


Intermandibular width 


0.02455* 


0.00658 


0.005* 


0.0058 


0.0433 




Right ramus width 


0.01595 


0.00738 


0.210 


-0.0049 


0.0368 




Left ramus width 


0.01416 


0.00812 


0.416 


-0.0087 


0.0370 




Intercondylar width 


0.01322 


0.00725 


0.371 


-0.0073 


0.0337 



*: The mean difference is significant at the 0.05 level. 



0.040 



0.035 



0.030 




Fig. 5. Mean coefficient of variation of right condyle inclination, 
left condyle inclination, ratio between the right ramus width and 
the left ramus width (ramus ratio), and ratio between the right con- 
dyle inclination and the left condyle inclination (condyle ratio) on 
the reproduced panoramic radiographs in the dentulous and the 
edentulous groups, which shows the precision of the condyle in- 
clination, and the ratio between the right and the left side or the 
precision of rotation on the vertical axis (The lower, the better). 



suits showed good agreement with the precision values 
measured using the mean coefficients of variation. The 
mandibular ramus area, which was the closest area to the 
conventional standard bite block in the position of exposure 
among the horizontal widths showed the narrowest disper- 
sion, and the mandibular angle area showed the second 
narrowest dispersion. The condylar head revealed the 
second widest dispersion, and the zygomatic arch area had 
the widest dispersion. In this dentulous group, the closer 
an anatomic area was to the conventional standard bite 
block, the better was the precision showed by the area. 
Also, mandibular areas except the condylar head showed 
a significantly better precision than the maxillary areas 
represented by IZW and the condylar head area according 
to a statistical analysis of the coefficient of variation. 

The reliability and precision of the edentulous patients 
using the chin-support device showed a similar order to 
that of the dentulous patients. In the panoramic radiographs 
of the edentulous patients, the mandibular ramus demon- 
strated the best reliability, followed by the mandibular angle 
area. The condylar head showed the second worst reliabi- 
lity, and the zygomatic arch area revealed the worst. Th- 
ese results agreed relatively well with the results of the pre- 
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Table 4. Comparison of the precision between the dentulous and the edentulous groups by using the statistically sij 
the mean coefficients of variation between the groups 


mificant differences in 


Variables 


Mean coefficient of variation 
of the dentulous group 


Mean coefficient of variation 
of the edentulous group 


p value (1 -tailed) 


Intermandibular width 
Right ramus width 
Left ramus width 
Intercondylar width 
Interzygomatic width 
Right condyle inclination 
Left condyle inclination 
Ramus ratio 
Condyle ratio 


0.019119 

0.016545 

0.017185 

0.03014 

0.034614 

0.016934 

0.016168 

0.025215 

0.009355 


0.022596 

0.031194 

0.032985 

0.033927 

0.047144 

0.01849 

0.021298 

0.035351 

0.012082 


0.179157 

0.002902* 

0.005497* 

0.22924/ 

0.044182* 

0.241683 

0.040462* 

0.033688* 

0.077501 



*: indicating significant difference (p< 0.05) 



cision evaluation based on the mean coefficients of varia- 
tion. The mandibular angle area, which was the closest to 
the chin-support device in the position of exposure among 
the horizontal widths showed the narrowest dispersion, 
and the mandibular ramus area showed the second narro- 
west dispersion. The condylar head area revealed the se- 
cond widest dispersion, and the zygomatic arch area had 
the widest dispersion. In the edentulous group, the closer 
an anatomic area was to the chin-support device, the bett- 
er was the precision exhibited by the area. The mandibular 
angle area also showed a statistically significantly better 
precision than the zygomatic areas. This result could ori- 
ginate from the fairly poor coefficient of variation values 
of the ramus area in the edentulous group, as compared to 
the dentulous group (Table 4). 

The reliability and precision varied from area to area on 
the panoramic radiographs in the dentulous and the eden- 
tulous groups. The reliability and precision could be relat- 
ed to the positioning instability 16 and motion factor 917 of 
the moment of taking the panoramic radiographs. Mandi- 
bular areas except the condylar head area showed better 
reliability and precision than the maxillary and condylar 
head area. These results might originate from the instabi- 
lity of the maxillary area in positioning when taking pano- 
ramic radiographs. With respect to the positioning of the 
patients, their chin was positioned on the chin rest, which 
provided relatively fine stability, and almost fixed positions 
were guaranteed near the conventional standard bite block, 
particularly in the dentulous group. However, the head area 
was allowed to show some movement because of the insta- 
bility of the head rest on the panoramic radiograph ma- 
chine. The importance of the ideal head position has been 
emphasized in a study conducted by Pfeiffer et al, which 
showed the relationship between the head positions and 
the horizontal measurements in the panoramic radio- 



graphs. Also, Hardy et al showed the effect of the head 
position on the inclinations in the panoramic radiographs. 25 
Moreover, in the case of anatomic areas located farther 
from the most stable reference point, which was the bit- 
ing point of the conventional standard bite block or the cen- 
ter point of the chin-support device, the precision of the 
areas on the reproducing panoramic radiographs worsened 
since farther distances from the reference point would make 
the areas more unstable and consequently, allow more ran- 
dom errors than the closer areas. Thus, if the reference 
point was located in the middle of a panoramic radiograph 
image, overall distances from the point to each of the areas 
could be minimized, and the random errors could be mini- 
mized accordingly. 

The present study also revealed that the panoramic radio- 
graphs of the dentulous group showed better reliability 
(higher ICC) and precision (lower coefficient of variation) 
in each area on the images than those of the edentulous 
group. In particular, the ramus areas of the dentulous group 
showed statistically better precision than those of the eden- 
tulous group (p< 0.01). The ramus areas were in almost 
the same horizontal level as the dental arch, which was 
one of the most important areas on the panoramic radio- 
graph. Also, the zygomatic area of the dentulous group 
showed statistically significantly better precision than 
that of the edentulous group (p<0.05). Moreover, the reli- 
ability and the precision of the ramus area in the dentul- 
ous group were better than those of the chin area in the 
edentulous group, which implied that the conventional 
standard bite block could provide a more stable reference 
point than the chin-support device. 

The reliability of the condylar inclination of the dentul- 
ous group was better than that of the edentulous group. 
The dispersion of the condylar inclination datasets in the 
dentulous panoramic radiographs was narrower than that 
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in the edentulous panoramic radiographs, and the left con- 
dylar inclination in the dentulous group showed statisti- 
cally better precision than that in the edentulous group 
(p<0.05). These results might originate from the differ- 
ences in the inter-maxillary stability and in the distance 
from the fixed reference point between the dentulous and 
the edentulous groups. 

The ramus width ratios between the right and the left 
side and the condylar inclination ratios between the right 
and the left side were calculated to measure the patients' 
variability of rotation in the vertical axis or the variability 
of the ratio between the right and the left side (Table 1). 
The dispersion of the ratios was also narrower in the den- 
tulous panoramic radiographs than in the edentulous, and 
the ratio between the right and the left ramus in the den- 
tulous group showed statistically better precision than that 
in the edentulous group (p < 0.05) (Fig. 5, Table 4). 

The conventional standard bite block of dentulous pati- 
ents provided better positioning reproducibility for the pano- 
ramic radiographs than the chin-support device of the an- 
terior edentulous patients due to the positioning stability 
and the adequate stable reference point, which was close 
to the middle of a panoramic radiograph image. There- 
fore, biting positioning can be considered better than chin- 
support positioning. 
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